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Abstract 
Based on 390 benthic invertebrate samples from near-natural streams in Germany we de- 
fined eight stream type groups by Non-metric multidimensional scaling (NMS). The taxa 
lists were restricted to Mollusca, Ephemeroptera, Odonata, Plecoptera, Coleoptera nd Tri- 
choptera species and evaluated on presence/absence level. At genus level, streams located in 
the lowlands differ from streams in lower mountainous areas and the Alps, while the two lat- 
ter groups were undistinguishable. At species level, a clear separation ofdifferent stream size 
classes is visible in the lowlands; a second gradient is related to the bottom substrate. 
Streams in the Alps can be distinguished from streams in lower mountainous areas at species 
level. Within the lower mountainous regions a size gradient is detectable, a less obvious gra- 
dient indicates catchment geology. The resulting "bottom-up" stream typology is compared 
to other stream typological systems in Germany. 
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Introduction 
The composition of stream biota is dependent on both, 
natural factors (e.g. stream size, altitude, catchment ge- 
ology) and human pressures (e.g. alterations of water 
quality or hydromorphology). While the latter are recog- 
nised and classified with assessment systems, the natural 
differences are the basis for stream typologies. A stream 
typology classifies treams or stream reaches into enti- 
ties with a limited variability of both community compo- 
sition and abiotic factors. Typologies came into the 
focus of hydrobiologists and water managers in the last 
decades and build the foundation of stream assessment 
systems all over the world (e.g. CLARKE 1993; OMERNIK 
1995; VERDONSCHOT 1995; WIMMER et al. 2000). They 
can be organized "top-down" by using geomorphologi- 
cal characteristics of river landscapes and the individual 
streams (BPdEM 2003; ONERNIK 1995; SCHMEDTJE et al. 
2001; SOMMEPd4AUSER 1998; WIMMER & CHOVANEC 
2000), "bottom-up" based on aquatic ommunities, or
by a synthesis of both (HAWKINS & NORRIS 2000; MOOG 
et al. 2001; VERDONSCHOT 1995). 
As a framework for national "top-down" typologies 
the 25 European ecoregions defined by ILLmS (1978) are 
frequently used, particularly for applied purposes, like 
the implementation f the EU Water Framework Direc- 
tive. In some cases they have been divided into sub- 
ecoregions (MooG et al. 2004) or "river landscape units" 
(BRIEN 2003). 
In total Germany shares four of ILLmS' ecoregions: 
Central Lowlands (Ecoregion 14), Western Mountains 
(Ecoregion 8), Central Mountains (Ecoregion 9) and 
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Alps (Ecoregion 4). However, for many water manage- 
ment purposes, such as assessment and restoration, 
more differentiated categories of streams are 
required/useful. In a first attempt to establish amore de- 
tailed stream typology for Germany, SCHMEDTJE et al. 
(2001) suggested a top-down system, which is based on 
ecoregions, altitude, catchment geology, stream size 
and some additional parameters, uch as the dominant 
substrate. This system was improved and refined by 
SOMME~H~USE~ & POTTOmSSER (2004). It is based on 
expert judgement and defines 24 units of streams up- 
posed to have different benthic invertebrate, macro- 
phyte and phytobenthos communities. Although a bot- 
tom-up stream typology is always scientifically 
sounder, anational survey in Germany was not yet con- 
ducted. However, data availability and quality recently 
increased, due to several national projects with particu- 
lar focus on benthic invertebrates (BOHMER et al. 2004; 
HERINO et al. 2004b; LORENZ et al. 2004a, b). Although 
it is somewhat heterogeneous a data source is now 
available, which enables an attempt of a "bottom-up" 
stream typology for Germany. Using this newly gener- 
ated data set we address the following questions: (1) Are 
ecoregional differences in benthic invertebrate commu- 
nities detectable? (2) Which longitudinal changes are 
reflected by the benthic invertebrate community? (3) 
Which other abiotic factors (bottom substrate, catch- 
ment geology) are reflected by the invertebrate fauna? 
(4) How many stream types, based on the benthic inver- 
tebrate fauna, can be distinguished? 
Materials and Methods 
Data source and preparation 
The data were acquired from various water authorities 
and research institutes all over Germany and compiled 
in an ACCESS-database. They originate from routine 
monitoring programs of the Federal States mainly 
using the sampling method described by DEV (1992) 
and from various scientific studies. For each sampling 
site abiotic parameters were collected (Table 1) and 
stored in the same database; the parameters were used 
as explanatory variables of the benthic ommunity pat- 
terns. 
Due to their different origin, the taxalists were hetero- 
geneous concerning the level of identification, sampling 
season, and sampling and sorting methods. They were 
thus processed and harmonised prior to analysis by ap- 
plying presence/absence level and by restricting the 
analysis to six frequently sampled and well known taxo- 
nomical groups of benthic invertebrates: Mollusca, 
Ephemeroptera, Odonata, Plecoptera, Trichoptera nd 
Coleoptera, which were identified in a comparatively 
consistent way and mainly to species level. Other abun- 
dant groups (e.g. Oligochaeta nd Chironomidae) have 
been omitted due to the heterogeneous determination 
level. Representatives of certain taxonomic groups (e.g. 
Gammaridae) were evenly distributed in almost all sam- 
ples and did, therefore, not add much explanatory power. 
These were excluded, too. 
Table 1. List of abiotic parameters compiled for each sample and used for explaining benthic community patterns. Provided by water authori- 
ties of the following Federal States: Bavaria, Brandenburg, Mecklenburg-Western Pomerania, Lower Saxony, North Rhine-Westphalia, 
Schleswig-Holstein and Thuringia. 
Abiotic parameter Classes Collected for streams Data source 
in the following ecoregions 
Ecoregion 4 (Alps), 8/9 (Western/Central Mountains), all ILLIES (1978) 
14 (Central Lowlands) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Catchment size [km 2] < 10 (very small); 10-100 (small); all data providers or GIS 
101-1,000 (medium-sized); 1,001-10,000 (large); 
> 10,000 (very large) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Predominant substrate organic, sand, gravel 14 (Central Lowlands) data providers 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Geology sandstone, schist, Pleistocene sediments, 8/9 (Western/Central GIS: Stream landscapes 
carbonate rocks/limestone Mountains) of Germany (BRIEM 2003) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Altitude [m] < 100; 100-200; 201-500; 501-800; > 800 4 (Alps), 8/9 (Western/Central Topographic maps or 
Mountains) data providers 
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Data preparation was performed in three steps: (i) ap- 
plication of filter criteria, (ii) taxonomical adjustment, 
(iii) generation of regional and seasonal data subsets. 
The dataset was filtered by the criteria specified in 
Table 2 to restrict he data to samples of near-natural 
sites. This was necessary since the analysis aims at de- 
tecting differences based on natural parameters rather 
than degradation. 
Taxonomical adjustment is a pre-requisite of all sta- 
tistical analyses comparing taxalists of different origin 
to delete errors based on heterogeneous datasets. Con- 
sistency in the taxalists is derived by adjusting the taxa 
of a family to the lowest identified level of all samples. 
This was either species level if species identification 
was achieved in all samples or genus level if some lists 
only obtained genus level data. 
The resulting dataset, on which the analysis is based, 
comprises 390 benthic invertebrate samples of near-nat- 
ural streams distributed all over Germany (Fig. 1). Two 
sites are located in Poland near the Polish-German bor- 
der. The majority of samples originate from Baden- 
Wtirttemberg (23.6%), Schleswig-Holstein (14.4%), 
Bavaria (14.1%) and North Rhine-Westphalia (13.6%); 
the mountainous regions are better epresented than the 
lowlands. Near-natural sites are usually lacking in areas 
with a high proportion of residential and/or agricultural 
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land use (blank areas in Fig. 1). This applies in particular 
to medium-sized and large rivers. 
In the last step regional data subsets allowing for an 
analysis on different scales, and seasonal subsets reduc- 
ing data variability between sample dates were generat- 
ed. Regional data subsets were defined as (i) data from 
all of Germany; (ii) data from the ecoregion "Central 
Lowlands"; (iii) data from the ecoregions "Western 
Mountains", "Central Mountains" and "Alps"; (iv) data 
from the ecoregions "Western Mountains" and "Central 
Mountains". Between-ecoregion a alysis (data set i) 
was performed with presence/absence data on genus 
level, within-ecoregion analysis (data sets ii-iv) with 
presence/absence data on species level. 
Seasonal subsets were differently defined for the low- 
land dataset and the mountain/alpine dataset: For the low- 
land data, spring was defined from February to June and 
summer from May to September; the overlap was neces- 
sary to allow for a sufficient sample size of both seasons. 
For the mountain/alpine data sets spring was defined 
from February to April and summer from May to August. 
Statistical analysis 
Non-metric Multidimensional Scaling (NMS) was used 
to detect and visualize differences in the benthic inverte- 
Table 2. Criteria for data harmonisation and for restricting the data to near-natural streams. 
Filter criterion Threshold value Source Reason, comment 
Criteria for excluding samples 
Catchment size [km 2] >8 Data providers or GIS Exclusion of crenal 
(spring/brook) sites 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No. of genera Lowland streams: > 7; Mountain Taxalists Exclusion of taxon-poor 
and alpine streams: >9 (degraded) sites 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
German Saprobic Index < 2.4 Taxalists Exclusion of polluted 
(DEV 2003) sites 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hydromorphological Index < 4 Databases of regional Exclusion of hydromorphologically 
(" Gew~sserstruktur- water authorities degraded sites; exception: 
gOtekartierung") samples from large rivers 
according to LAWA (2001) (near-natural sites do not exist) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Land-use < 10% residential area/< 20% Corine Land Cover Exclusion of sites with degraded 
crop land in the catchment (Statistisches Bundesamt 1997) catchments (WANG et al. 1997) 
Criteria for including some questionable samples 
"Known reference Not defined 
sites/samples" 
Personal knowledge, published 
documentation 
Criteria for excluding taxa 
Frequency < 3 samples Taxalists Exclusion of rare taxa 
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IZ I~4 
Fi 9. 1. Map of Germany with the location of 390 sample sites with- 
in the different federal states and the borderlines of the ecoregions. 
(ER 14 Lowlands; ER 8 Western Mountains; ER 9 Central Mountains; 
ER 4 Alps). 
brate communities (for background and advantages of 
NMS see DUFR~NE & L~GEtqDRE 1997). NMS calculates 
a dissimilarity matrix (Bray-Curtis Index), which is then 
entered into an iterative ordination procedure. The re- 
sulting multi-dimensional dissimilarity matrix is dis- 
played in a low dimensional plot. The correspondence 
between the matrix and the final plot is explained by the 
"stress", which is zero in case of perfect concordance. 
Stress values below 0.05 (5%) represent very good re- 
sults, whereas values >0.20 (20%) are critical and val- 
ues >0.30 are not interpretable (CLARKE 1993). The or- 
dination plot displays the proportion of the faunal data 
variability explained by the ordination. Those two axes 
explaining most of the variability are displayed. For in- 
terpretation purposes overlays were generated with the 
data specified in Table 1. 
We used the software package "PC-Ord 4.2" (Mc- 
Cu~ & M~WORD 1999), applying the autopilot method 
(medium) and either the two- or three-dimensional so u- 
tion. All analyses were performed separately for the 
spring and summer datasets. Due to different starting 
points for each ordination, all analysis was run several 
times to ensure stability of the results. For the datasets of 
the mountainous and alpine areas it was tested by pro- 
ducing overlays indicating the data source if the differ- 
ent investigator influenced the results; no significant 
grouping was found. 
A cluster analysis was performed to aid the interpre- 
tation of the NMS. We used Sorensen's similarity mea- 
sure and "flexible beta" as linkage method. "Flexible 
beta" was set to "-0.25", thus, the linkage is similar to 
Ward's method (DuFRgNE & LEGENDRE 1997). The clus- 
ter analysis was also run with PC-Ord 4.2. The resulting 
~4 
Axis 1 33.0 % 
& 
4 (Alps) 
8 (Western Mounta ins )  
9 (Central  Mounta ins )  
14 (Lowlands)  
Fi 9. 2. NMS ordination of benthic invertebrate samples (genus level) 
from lowland, mountainous and alpine streams, classified by ecore- 
gions; stress: 0,24. 
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data with 123 samples and 143 taxa; stress: 0.198. (B) Summer data with 109 samples and 136 taxa; stress: 0.207. 
cluster groups were used as a further overlay of the 
NMS plots. 
Results 
In an initial step the complete dataset was analysed on 
genus level, resulting in a clear separation of streams in 
Ecoregion 14 (Central Lowlands) from streams in the 
mountainous and alpine regions (Ecoregions 4, 8 and 9), 
which showed no clear division (Fig. 2). 
Further on, data from Ecoregion 14 were analysed 
separately. Data from Ecoregions 4, 8 and 9 were jointly 
analysed. 
Analysis of lowland data 
After the application of the filter criteria (see Table 2) 
and the taxonomical adjustment, he lowland data set 
comprised 123 spring samples with 143 taxa and 
109 summer samples with 136 taxa. 
Both seasonal subsets revealed a gradient along the 
catchment size of the sites (Fig. 3A and B). While 
"small" streams can be distinguished from "medium- 
sized" streams in both seasons, the discrimination of 
"large" from "medium-sized" streams i  more visible for 
the summer dataset (1000 km 2 borderline; filled and 
empty squares in Fig. 3B). The 10 km 2 borderline is less 
obvious in both subsets. The proportion of the total vari- 
ance in the faunal data explained by the two strongest 
axes of the ordination is ca. 50% in spring and ca. 60% 
in summer. 
In Fig. 4 A and B, the same pair of ordination plots is 
overlaid by the substrate classes organic material (bog 
mosses and POM), sand and gravel. The "organic" sam- 
ples form a rather well separated group in spring; how- 
ever, this is not obvious from the summer subset with 
only two sites characterised as"organic". Streams with 
Limnologica (2004) 34,379-389 
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Fig. 5. NMS ordination of 123 benthic invertebrate samples (species 
level) with 143 taxa from lowland streams classified by the groups of 
a cluster analysis which serves as a biocoenotical post-classification. 
Symbols as in Fig. 4. The encircled groups are discussed in the text. 
Stress: O. 198. 
sandy substrate separate from streams with gravel-domi- 
nated substrate inneither season. 
The outcome of a cluster-analysis resulting in five 
cluster groups was used for the spring samples (Fig. 5): 
Cluster group 1 predominantly represents samples from 
medium-sized and large sand-bottom rivers. Within this 
group the large river samples (> 1000 klrl 2 catchment size) 
are clustered at the upper left and a moderate size gradient 
can be observed. Cluster group 2 comprises the majority 
of samples from gravel-dominated streams with some 
minor overlap of sand-bottom and organic samples. Clus- 
ter group 3 consists of samples from streams with organic 
substrates, three of which are located at the transition to 
gravel-dominated streams (group 2) or sand-bottom 
streams (group 4). A size gradient is obvious within the 
cluster groups 1 to 3, ranging from large catchments at the 
upper left to small catchments at the lower right. This gra- 
dient corresponds with axis 2 of Fig. 5 and accounts for 
25% of the total variance of the fauna. The well defined 
cluster group 4 comprises amixture of gravel-dominated 
and sand-bottom samples of small streams (< 100 krn 2 
catchment size). Cluster group 5 contains amples from 
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Fig. 6. NMS ordination of benthic invertebrate samples (species 
level) from mountain and alpine streams classified by ecoregion; 115 
samples and 166 taxa; stress: 0.189. 
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small gravel-dominated streams, streams in the flood- 
plain of larger rivers, and two samples from medium- 
sized sand-bottom streams on the outer left hand side of 
this duster. Hence, the cluster groups 4 and 5 reveal a size 
gradient along the second axis of Fig. 5, too. 
Analysis of data from mountainous 
and alpine regions 
We performed separate analyses for spring (February to 
April) and summer (May to August) samples: 78 sam- 
ples with 139 taxa were used for the spring analysis and 
116 samples with 165 taxa for the summer analysis. 
In two initial steps two clearly separated streams 
types were identified: 
(1) streams in alpine regions (Ecoregion 4) can easily 
be distinguished from the other streams (the respective 
diagram for the spring data is given in Fig. 6). 
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(2) large rivers (from which only summer data are 
available) form a clearly separated group (Fig. 7). 
These samples and a few outliers were omitted in fur- 
ther analysis. 
For each season we produced figures with two over- 
lays: (1) size classes of the catchment (Fig. 8A and B), 
(2) geology of the catchment (Fig. 9A and B). 
Catchment size gradients are obvious determinants of 
the mountain stream communities: for the spring data, 
the size gradient is parallel to axis 1 (Fig. 8A), for the 
summer data parallel to axis 3 (Fig. 8B). They account in 
each season for approx. 40% of the variance in the data. 
In both seasons, there is a clear grouping of small 
(<100 klTI 2 catchment size) and large streams 
(>100 kin2). Within the latter group, large rivers 
(>= 1000 kn'l 2 catchment size, present only in the sum- 
mer dataset) cannot be distinguished from medium- 
sized rivers (100-1000 km 2 catchment size). 
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Fig. 9 displays the geology of the sampling sites. A 
clear separation of groups is not possible for the summer 
data, mainly due to a superimposing effect of the factor 
catchment size (Fig. 9B). However, for the spring sam- 
ples small siliceous chist streams are predominantly lo- 
cated in the upper left part of the diagram, siliceous (Tri- 
assic) sandstone streams in the lower left part, carbonate 
rock (limestone, marl or Pleistocene sediments) treams 
in the centre and large siliceous treams on the right side 
(Fig. 9A). 
Discussion 
Like in other countries (e.g. GERr~ITSEN et al. 2000; 
SANDIN ~; JOHNSON 2000; FEMINELLA 2000), ecoregion 
is the underlying parameter for distinguishing the benth- 
ic invertebrate community of German streams. Thus, 
faunal composition is determined by abiotic factors like 
altitude, hydrology, temperature, slope and substrate 
composition. A community-based separation of the low- 
land, lower mountainous and the alpine areas is obvious, 
however a separation of the two lower mountainous 
ecoregions 8 and 9 (Western and Central Mountains) is 
not possible, likely due to the similarity of abiotic fac- 
tors in these regions. The importance of ecoregions was 
also observed by Moo6 et al. (2004) in Austria, where 
ecoregions and subecoregions explain most of the benth- 
ic invertebrate variability. In other parts of the world, 
e.g. in the Mid-Atlantic Highlands, USA, the ecoregion- 
al approach alone is not satisfying (WAn'E et al. 2000). 
Other factors must be regarded in addition to ecoregions 
to explain the composition of the stream fauna. Accord- 
ing to RtrNDI~E et al. (1993) and BREWIN et al. (1995) 
catchment area is the second important factor in separat- 
ing stream assemblages; only altitude is more important. 
Classifications based on (1) ecotones (size, substrate 
type, channel type) and (2) on higher landscape scales 
were preferred in the review by HAWKINS et al. (2000). 
Lowland stream types 
Also in our analysis, other parameters complement 
ecoregions. In the lowland dataset, both seasonal subsets 
revealed asize gradient well known from basic concepts 
for the longitudinal zonation of streams (e.g. ILLmS 1961; 
VAYNOTE et al. 1980). This prevailing "typologically rel- 
evant" parameter may be expressed as catchment size, 
stream width, or distance to source. However, not all 
samples fit perfectly into this gradient. This might partly 
be due to the size class boundaries applied (10, 100, 
1,000 and 10,000 km2), which were taken from the Water 
Framework Directive providing an artificial classifica- 
tion. Moreover, the catchment sizes of the sites present in 
the dataset do not evenly cover the interval from 10 to 
> 10,000 km 2. Despite these limitations, a biocoenotical 
separation at the 100 km 2 borderline is visible. 
Another potentially relevant parameter is summarized 
by the term "substrate". This term contains information 
about substrate type (organic vs. mineral) and grain size, 
the latter applicable only for mineral substrates. Previ- 
ous papers dealing with stream typology in the German 
lowlands usually apply the substrate classes organic ma- 
terial, sand and gravel (e.g. LUA NRW 1999, 2001; 
SOMMERHAUSER • SCHUHMACHER 2003), which were 
also used in this study. However, a clear separation by 
substrate classes is not indicated. Both, spring and sum- 
mer data show a considerable overlap of gravel-domi- 
nated and sand-bottom stream biocoenoses (Fig. 4). 
Only samples from streams with organic substrates are 
clearly separated. The weak biocoenotical gradient by 
substrate shown in our dataset does not reject the exis- 
tence of a classification by substrate, but may be a result 
of the data quality. The database contains olely infor- 
mation about he "dominant" substrate. In many lowland 
streams gravel and organic material are densely colo- 
nized, while only few taxa and specimens are encoun- 
tered on sand. Thus, the benthic invertebrate community 
of streams with a comparatively small proportion of 
gravel might be similar to those with a gravel-dominated 
bed. The presence of a "gravel-fanna" may not always 
be visible from a rough substrate stimation. Further- 
more, the typical "gravel-fauna" may be masked by 
degradation, since formerly gravel dominated substrates 
in many streams are partly covered by sand, due to stag- 
nation, straightening or sediment deposition from adja- 
cent land erosion. 
This assumption is supported by the combination of 
NMS and cluster analysis (Fig. 5), where the overlay is 
based on the macroinvertebrate community rather than 
on judgement of the substrate class. The first cluster 
group of Fig. 5 represents typical medium-sized and 
large sand-dominated lowland rivers, and hence forms a 
unit in terms of the benthic invertebrate community. 
Sphaerium sp. (Bivalvia), Baetis vernus, Heptagenia 
tiara (Ephemeroptera), Gomphus vulgatissimus 
(Odonata), Isoptena serricornis (Plecoptera), and Hy- 
dropsyche pellucidula (Trichoptera) are abundant in 
samples of this cluster. Another unit is represented by 
streams with organic substrates. The status of this stream 
type with, amongst other aspects, a specific benthic in- 
vertebrate community is well documented by SONMEr~- 
HAUSER & SCHUHMACHER (2003). Cordulegaster boltoni 
(Odonata) or Glyphotaelius pellucidus (Trichoptera) are 
typical species, and they are frequently present in sam- 
ples of the respective cluster group 3, too (Fig. 5). The 
samples of cluster group 2 are gravel-dominated. Those 
samples in this group classified as sand-bottom streams 
apparently have a "gravel-fauna" nd may thus be exam- 
ples of streams with a comparatively small proportion of 
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gravel, which nevertheless determines faunal composi- 
tion. This hypothesis is confirmed by the community: 
Capnia bifrons (Plecoptera), Agapetus fuscipes, or 
Odontocerum albicorne (Trichoptera) frequently oc- 
curred in samples of this cluster group, all of which are 
gravel- (cobble-) preferring species (SCHMEDTJE & 
COLUNa 1996). The second mixed cluster comprises 
sand- and gravel-dominated streams (cluster group 4) 
and is characterized by Lymnaea stagnalis (Gastropoda), 
Limnephilus flavicornis, or Phryganea grandis (Tri- 
choptera). These prefer fine sediments, lentic flow con- 
ditions and the presence of macrophytes (MOOG 1995; 
SCHMEDTJE 8L COLLING 1996). Thus, this cluster group is 
most likely composed of sand-bottom streams with the 
respective conditions. This also applies to cluster 
group 5, but according to the previously discussed size 
gradient, many Potamon-specific species occur, e.g. 
Acroloxus lacustris, Anisus vortex, Theodoxus fluvi- 
atilis, or Viviparus viviparus (Gastropoda). Cluster 
group 5 represents samples from medium-sized to large 
rivers, characterized by sand and mud with large stands 
of macrophytes. 
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Fig.lO. NMS ordination of benthic invertebrate samples (species 
level) from mountain streams classified by catchment geology and 
numbered by stream size (1 <100 km 2, 2 100-1,000 km2). Spring 
data with 19 samples and 98 taxa; stress: 0.081. 
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Mountain and alpine stream types 
The role of catchment size for the benthic invertebrate 
community is also obvious for streams in the lower 
mountainous regions (Fig. 8). Small streams with catch- 
ment sizes below 100 km 2 have a different faunal com- 
position than streams with larger catchments. In contrast 
to the lowland streams the second parameter determin- 
ing the fauna is the geology of the catchment area. In 
particular, Central European carbonate streams are in- 
habited, amongst other, by invertebrate axa like Rhya- 
cophila pubescens, Synagapetus dubitans, Tinodes 
dives, Tinodes unicolor (Trichoptera) or Riolus sp. 
(Coleoptera) (BRAUKMANN 1987; HAASE 1998), which 
lead to weak but visible separation of carbonate streams 
in our analysis. Due to pre-summer mergence many of 
these differentiating species are no longer present in the 
summer analysis and thus the ability to distinguish sam- 
ples by catchment geology failed. 
The more pronounced separation of sandstone streams 
is probably due to the fine geological material, which 
leads to the presence of gravel and sand patches and, 
thus, a higher substrate diversity than is normally found 
in schist or carbonate streams. Separation by catchment 
geology is less obvious than separation by stream size, 
although many parameters are dependent on catchment 
geology and differ extremely: the channel morphology, 
the size and form of the channel substrate, and chemical 
parameters such as conductivity and total hardness. In 
accordance tothis, H~INO et al. (2003) analysed 235 bo- 
real headwater streams (catchment sizes 1-60 km 2) in 
Finland and were able to separate only two discrete 
stream types, with latitude as the predominant descriptor 
and besides everal factors (pH, water depth, shading) 
with large gradients between the sampling sites. 
Streams in the German Alps are characterised by alti- 
tudes > 800 m above sea level, a braided channel form, 
fist-sized round pebbles and alpine discharge patterns 
with steep summer hydrographs. Their benthic inverte- 
brate communities can be distinguished from the moun- 
tainous streams by species adapted to these conditions, 
such as several stoneflies (e.g. genus Rhabdiopteryx), 
Table 3. Potential stream types for Germany. (Ecoregions: 4Alps; 8/9 Western/Central Mountains; 14 Central Lowlands). 
Group Ecoregion Catchment size [km 2] Substrate Geology 
A 4 10-500 Gravel/pebbles 
B 8/9 10-1 O0 Pebbles/cobbles 
C 8/9 100-10,000 Pebbles/cobbles 
D 8/9 > 10,000 Gravel 
E 14 10-I00 Sand/gravel 
F 14 100-10,000 Sand/gravel 
G 14 >10,000 Sand 
H 14 10-100 Organic 
Calcareous 
Siliceous/calcareous 
Siliceous/calcareous 
Siliceous/calcareous 
Siliceous/calcareous 
Siliceous/calcareous 
Siliceous/calcareous 
Siliceous 
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mayflies (e.g. Rhithrogena alpestris) and caddisflies 
(e.g. Rhyacophila torrentium, Rhyacophila vulgaris). 
Within the alpine region differences in catchment size 
are not that relevant for community composition, be- 
cause the alpine character in terms of hydromorphology, 
temperature and hydrology superimposes the effects of 
catchment size. Similar observations have been made in 
Austria, a country mainly covered by the Alps, where 
ecoregions and subecoregions explain the faunal vari- 
ability best, and catchment size is of minor importance 
(MOOG et al. 2004). 
Conclusion 
Despite the comparatively small number of near-natural 
sites, for which data are available and besides the hetero- 
geneity of the data several groups of stream macroinver- 
tebrate communities can be clearly distinguished. Like- 
ly, more homogeneous data gathered using a standard- 
ized sampling and sorting protocol (compare HAASE et 
al. 2004) would lead to a clearer and further sub-division 
of stream types, which is also indicated by metrics, such 
as feeding type composition or habitat preferences (HER- 
ING et al. 2004). The lack of real reference sites in some 
parts of Germany and in particular in large rivers is an- 
other limiting factor. However, based on our dataset the 
benthic invertebrate communities of eight "stream 
groups" can be clearly separated (Table 3), some of 
which can be subdivided further. In contrast, he recent 
German "top-down" typology (SOMMERHAUSER & 
POTTGmSSER 2004) outlines 24 stream types. In the fol- 
lowing, these two approaches are compared. 
• Group A comprises alpine streams, clearly separat- 
ed by the benthic assemblage as well as by abiotic fea- 
tures (coherent to Type 1 as defined by SONMERH)kUSEa 
& POTT~IESSER 2004). 
• Group B covers small streams in the lower moun- 
tainous areas. It can be subdivided into three units ac- 
cording to the catchment geology: Siliceous (schist) 
streams (Type 5), siliceous andstone streams (Type 5.1) 
and carbonate streams (Types 6 and 7). Analysing a 
small number of samples taken with a harmonised 
method, we found clear separations between streams in 
different geological formations (Fig. 10). 
• Group C comprises mid-sized streams in the lower 
mountainous areas (Types 9, 9.1 and 9.2). 
• Group D (large rivers in mountainous areas) is 
clearly separated and coherent to Type 10. 
• Group E covers small sand- and gravel-dominated 
streams and can be subdivided into three groups: 
streams with a "gravel-fauna" (Type 16), streams with a 
sand-bottom fauna (Type 14) and a group dominated by 
potamophilic taxa (perhaps coherent to Type 19). 
• Group F (mid-sized sand-bottom streams) is clearly 
separated and coherent o stream Type 15. Types 12 
(mid-sized organic streams) and 17 (mid-sized gravel- 
dominated streams) cannot be distinguished in our 
dataset, maybe because of poor representations of near- 
natural sampling sites. 
• Group G (large sand-bottom streams) is clearly sepa- 
rated and coherent to Type 20. 
• Groups H (small streams with organic substrate) is 
also clearly separated and coherent to Type 11. 
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